Abstract: Reliability 
I. Introduction
Long-term systematic precipitation series constitute great importance in the study of natural variability of climate and hydrology. Nevertheless, the precipitation data may be suffered from non-climatic factors that results in inhomogeneity of historical records. In fact, the non-climatic factors that caused the variations of longterm time records are the location of the stations, instruments; formulae used to calculate the mean, observing practices and the station environment (Peterson et al., 1998) . For this reason, the reliability and homogeneity of the data recorded at meteorological stations should be tested before any statistical research.
The homogeneity tests of precipitation time series are classified into two groups as 'absolute method 'and 'relative method'. The first method is applied for each station separately, whereas the second method is dependent on the neighboring stations (Wijngaard et al., 2003) . The relative tests can give good results in case of the high correlation between the candidate stations and existing sufficient number of neighboring stations. In this study, absolute tests are performed because of the random distribution of the stations located on different geographical point having dissimilar rainfall patterns.
A considerable amount of paper has been published on testing the homogeneity of precipitation and temperature data series. For example, Tuomenvirta et al., (2000) used the SNHT test for checking the homogeneity of the monthly maximum and minimum temperature data series. Wijngaard et al., (2003) employed the SNHT, BR, Pettitt and VNR tests to detect the reliability and homogeneity of daily precipitation and temperature data series. Yıldırım et al., (2004) used a Kruskall Wallis test in their study to test the homogeneity of precipitation data series. Kang and Yusof (2012) applied the BR and Pettitt test for examining the homogeneity of daily rainfall data. Mahmood Agha and Şarlak (2016) used the SNH and Pettit tests to check the homogeneity of precipitation and temperature data series in Iraq region. Kahya, et al., (2016) checked the homogeneity of the monthly precipitation data sets at 160 meteorological stations in Turkey using the SNH, Pettitt and BR tests.
Several studies relevant with Middle East regions have been published to test the reliability and homogeneity of the precipitation data series. Karabork et al., (2007) analyzed the homogeneity of precipitation data of 212 stations in Turkey belonging to 1973-2002, using the SNH and Pettitt tests. They expressed that the 43 out of 212 stations were impacted from non-climatic conditions resulting in inhomogeneity. AL-Lami, et al., (2014) applied the homogeneity tests for examining the reliability of annual rainfall series in Iraq from 1981 to 2010 using the SNHT, the BR, Pettitt, and VNR tests. Their results showed that the 30% of stations was inhomogeneous at 5% significance level. Talaee, et al., (2014) tested the homogeneity of annual and monthly rainfall data in Iran belonging to 1966-2005 using the Bayesian, Cumulative Deviations, and VNR tests at 5% level. They found that the monthly precipitation data series for all stations are homogeneous and considered as "useful", while monthly precipitation data series belonging to 7 out of 41 stations are inhomogeneous according to the VNR test. They emphasized that the VNR test is more sensitive to detecting the inhomogeneity in the precipitation data series than the Bayesian and Cumulative Deviations tests.
This study was performed to detect the homogeneity of annual and seasonal precipitation data series at nine synoptic meteorological stations located in Northern Iraq using four absolute tests as SNH, Pettitt, BR,
II. Data and methodology
The study site is located in the northern part of Iraq, covering an area 63353 km 2 
Homogeneity tests
Many methods have been proposed to test the homogeneity of the precipitation data. In this study, four homogeneity tests were selected; namely SNHT, BR test, Pettitt test, and VNR test. Under the null hypothesis, the annual and seasonal data are independent and identically random distributed except for VNR test. Under the alternative hypothesis, SNHT, BR and Pettitt tests assume that there is a date at which a change in a mean of data series has occurred. On the contrary, VNR test does not give any information on the break year.
There are some differences capturing the break point among Pettitt, SNHT, and BR. Pettitt and BR tests tend to identify the break point in the middle of the time series, whereas the SNHT detects break point generally at the beginning or end of the time series.
Pettitt Test
This test is the non-parametric rank test that can reveal the break point (month or year) at a continuous data (Pettitt, 1979) . The null hypothesis of this test is that data are independent and randomly distributed. This means that data follow same distribution. A brief description of the methodology is as follows:
1. The observations (X) are ranked from 1 to N (i.e. X 1 , X 2 … X N ). 2. The value of V i,N is estimated from:
where R i is the rank of X i in the sample of N observations. 3. The value of U i is estimated from:
The value of P OA is estimated from:
The null hypothesis is rejected when P OA is less than α, where α is the statistical significance level of the test.
Standard Normal Homogeneity Test (SNHT)
This method was proposed by Alexandersson (1986) . The null hypothesis is same as the Pettitt test. The statistic T(k) is computed as:
and (7) If a break point exists on the data series, T(k) reaches a maximum near the year of k=K. The test statistic T o is calculated as:
The test statistic,T c was calculated based on the test statistic T(n) as follows:
The null hypothesis is rejected when T o is greater than the critical value. Alexandersson (1986) gave the critical values for T o based on sample size. For example, the critical value is 8.8 for a 70-year sample size.
Buishand Test
This test is based on the adjusted partial sums or cumulative deviations from the mean (Buishand, 1982) . The null hypothesis is same as the Pettitt test. The adjusted partial sum is calculated as: (10) where is the mean of time series observations (X1, X2, ……X N ) and K is the number of the observation at which a break point is occurring. Rescaled adjusted partial sums are determined as follows:
The statistic Q is used for testing homogeneity: The null hypothesis is accepted, when the value of is less than the critical values given by Buishand (1982) .
Van Neumann Test
This test is the widely used for testing the homogeneity, defined as the mean square successive (year to year) difference (Von Neumann, 1941) . The null hypothesis is that the data are dependent. (14) If the value of N is equal to 2, that mean the sample is homogeneous. while the values of N less than 2, the sample has a breakpoint (Buishand, 1981) . This test gives no information about the break point. The critical values for N can be taken from Buishand (1981) .
III. Results and Discussion
The homogeneity of the annual and seasonal precipitation data was tested for each station in the north of Iraq by using the Pettitt, the SNH, BR, and VNR tests. The results of homogeneity tests were checked at a 5% significance level. Data series were considered to be inhomogeneous when the p-values were lower than 5% significance level. The results of the homogeneity tests for the annual precipitation data are presented in Figure  2 . According to the results of the Pettitt (SNHT) test, annual precipitation data series belonging to 2 (4) out of 9 stations were found to be inhomogeneous, whereas BR (VNR) tests showed that the annual precipitation data series were homogeneous for all stations except for Darbandikhan (Arbil). In fact, the annual precipitation data belonging to Mosul, and Darbandikhan, (Mosul, Arbil, Sinjar, and Darbandikhan) stations showed inhomogeneity characteristic according to Pettitt (SNH) test. In fact, the highest number of the inhomogeneous precipitation data series were obtained from SNHT. All homogeneity tests except for VNR indicated that the break point at the Darbandikhan station was detected in 1988, while the break point at Mosul station was found in 1996 (1997) according to the Pettitt (SNH) test.
Schonwiese and Rapp (1997) classified the precipitation series into: 'useful', 'doubtful' and 'suspect' depending on the number of inhomogeneous results obtained from homogeneity tests. The station is considered as useful; doubtful; and suspect when the 0 or 1; 2; and 3 or 4 tests reject the null hypothesis, respectively. Our results showed that the 6, 2, and 1 out of 9 stations in North of Iraq were classified as useful, doubtful, and suspect for the annual precipitation data.
Regarding seasonal precipitation series, the homogeneity of precipitation time series was also tested for winter (December-February) and spring (March-May) seasons. As shown in Table 2 , VNR test detects more inhomogeneous winter precipitation series than the spring. 2 out of 9 stations were found to be inhomogeneous based on the results of the Pettitt and SNH tests. In fact, the winter precipitation data in Mosul and Darbandikhan (Arbil and Dokan) stations were inhomogeneous according to Pettitt (SNH) test. Since the two homogeneity tests detected the winter precipitation series of Arbil, Dokan, and Darbandikhan as inhomogeneous; the series were labeled as doubtful. Consequently, the results of the trend analysis must be taken a serious perspective of the existence of possible inhomogeneities. Note: * refers to the inhomogeneous stations at the 5% significance level.
As for spring precipitation series, 1 and 3 out of nine stations showed inhomogeneity based on the Pettitt and BR test, respectively (can be seen in Table 3 ). On the other hand, BR test detects only one inhomogeneous series in winter season. Note: * refers to the inhomogeneous stations at the 5% significance level.
The spring precipitation series for all stations except for Dokan were considered as useful. Dokan station was considered as doubtful in the spring precipitation data. The break point years for the spring precipitation series of Sinjar, Dokan, and Darbandikhan stations were found in 1976, 1976, and 1984, respectively.
According to the results of homogeneity for the seasonal precipitation series, the greatest number of the inhomogeneities were obtained by the VNR test in the winter, whereas this test did not detect any inhomogeneous precipitation series in the spring seasons. In addition, BR test detected more inhomogeneous data series in the spring season than winter season. Consequently, the results showed that these tests sometimes have inconsistencies. These inconsistencies also were detected by several researchers (Feng et al., 2004; Sahin and Cigizoglu, 2010) . Talaee et al., (2014) expressed that these inconsistencies obtained from homogeneity tests in some situations may be connected to the different sensitivities of the methods to break in the data sets.
It is not easy to detect trends of precipitation time series when there is a high variability of rainfall (i.e. the breaks in time series for rainfall). In the literature, Talaee et al. (2014) emphasized that there is a consistency between the results of the homogeneity tests and the ability of trend revelation in rainfall. Consequently, we can said that the results of the homogeneity test may be related to the validity of trend detection in the time series. Therefore, the non-homogeneous data should be corrected before their use in the trend analysis.
The homogenous data belonging to the stations that are identified as inhomogeneous according to the SNH, Pettitt, VNR, and BR tests can be obtained from double mass curve analysis. In this analysis, total annual and seasonal precipitation data belonging to the inhomogeneous stations were fixed with the homogeneous neighboring stations, where minimum four neighboring stations were selected for this study. 4, 4, and 3 synoptic stations were identified as inhomogeneous annual, winter, and spring precipitation data according to four tests, respectively. Mosul, Arbil and Derbandghan stations' precipitation data were fixed and tried to make them homogenous. After the correction, the homogeneity of the annual and seasonal precipitation data was re-tested. Table 4 showed the results of homogeneity tests for the stations' annual precipitation data after the correction. Darbandikhan and Dokan station were taken as an example for the annual and seasonal data, respectively. As shown in Figure ( 3), inhomogeneity in the Darbandikhan and Dokan station's precipitation data were eliminated, and the new data successfully passed from the four mentioned homogeneity tests.
Fig 3.
Testing of annual and seasonal homogeneity by four homogeneity tests, before and after the correction for two stations.
IV. Conclusions
This study aims to check of the homogeneity of annual and seasonal precipitation data. For this purpose, four homogeneity tests were applied to the observed climate data from nine stations located in Iraq for long-term years. The inhomogeneous precipitation time series and their break years were identified at a significance level of 0.05. According to the results of the Pettitt (SNH) test, annual precipitation data series belonging to 2 (4) out of 9 stations were found to be inhomogeneous, whereas BR (VNR) tests showed that the annual precipitation data series were homogeneous for all except one station. According to the results of the SNHT and Pettitt test, 2 out of 9 stations showed inhomogeneity in the winter precipitation data, whereas BR and VNR tests detected 1 and 3 out of 9 stations as inhomogeneous in the seasonal data, respectively. Moreover, the high number of the inhomogeneity were obtained from the VNR and BR test in the winter and spring precipitation series, respectively. In general, it can be concluded that the SNHT, VNR, and BR tests are more sensitive for detecting the inhomogeneity for the annual, winter, and spring precipitation series on comparing with the other tests.
In the final phase of the study, data belonging to the stations that are identified as doubtful or suspect were tried to make homogeneous by using double mass curve analysis. After correction, the results showed that the new data have successfully passed the four mentioned homogeneity tests.
Finally, we hope that the results of the present study would be a reference for future to researchers who studied on the water resources, hydrological processes, and climate change fields in Iraq.
